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© Uquld organic polyisocyanate compositions containing urea and/or biuret structures. 



© Modified organic isocynate composition contain- 
ing urea and/or biuret groups, and/or salts of these 
groups, prepared by reacting a blocked amine com- 
position and a polyisocyanate composition, said 
blocked amine composition being the reaction prod- 
uct of : 

a. a primary and/or secondary organic amine 
composition having an average amine functionality of 
at least 0.1 and an average total active hydrogen 
functionality of from about 1.5 to about 10.0, and 

b. a reactivity modifying agent selected from 
proton acids, Lewis acids, silylating agents, metal- 
lating agents and alkylating agents, and said 

3 polyisocyanate composition comprising organic 
polyisocyanates and/or pdyisothiocyanates having a 
O reactive isocyanate and/or isothiocyanate functional- 
ity of at least 1.0. the reaction between said blocked 
^ amine and polyisocyanate compositions being con- 
ducted so as to provide an excess of isocyanate 
| and/or isothiocyanate groups over total active hy- 
'drogens in the blocked amine composition of at least 
>1.5 : 1.0. 
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This invention relates to liquid organic 
SSZT C °T Sit,0nS "rea anoror 

ESSE"" 30(1 to methods for P ^ - 

be nSfw ^ th l advante 9«»"s effects which can 
be provtded by the introduction of urea and/or 
biuret ,nto polyurethanes, it is well known to modify 

m«2i£? b ' Uret 9r ° UpS and then to "se the 

modified .socyanates in polyurethane manufacture 

«™if? 9r ° up . modified socyanates may be o* 
V L eaC ^" 9 ° r9anfc PWsocyanates with a 
stoichiometric deficiency of water or a mono-or 
polyarmne. Under the influence of heat the ureS 
amttan react with further polyisocyanaW to fr™ 

fed Ll" 18 ^ ^ h0yvever ' * e ^.modi- 
fied poly,socyanates, which are usually homo- 
generous solutions, are difficult to produce beSuS 

SSJflf fom . 9,1 ureas ™ inso,u ™ 

react further only with difficulty. 

In order to overcome this problem, it has been 
proposed in U.S. Patent No. 3441588 to readme 

^ 8 P0,yether d ^ne JEvJ 
said that biuret prepolymers are conveniently pre- 

ttSS? undesirabte formation - « 

i Ur6a biUret 
tares may be prepared quite conveniently by rapid 

moc-ng of certarn blocked or "retarded" polyps 
2 Pf'y'^ates- The reactions may be per- 

above). When appropriate blocking or retaking 

221 h,"*? ' *" functionali «^ of the reagent? 
Cam™ and/or isocyanate) may be higher thanT 
The use of high-functJonaflty reagems. either 
drndually or in comb.nat.on. does not necess ta£ 

dZnTT " S8Vertty 01 106 Won con! 
dfflon (i.e. the temperature of reaction). This repre- 
sents a very significant improvement, in processing 
■ s °Z22 Ce - ° Ver . Pri0r -^.ModSS 

b^Tn^!°K 1 P0Siti0nS Whlch nave Piously 
been maccess.ble or impractical may now be pre- 
pared with surprising ease. Most of the modified 
ZSTZST 1 ** h ' 9h8St tonality combing 
L 1S1 ♦ SUrPriSin9 hom °9eneity and stability 
*T»T , temperatures. The compositions are 
generally clear, free of solids, and low In viscosity 

Accordingly, the invention provides a modified 
organic .socynate composition containing ur S 
and/or biuret groups, and/or salts of these groups, 
prepared by reacting a blocked amine common 
and a polyisocyanate composition, said blocked 
amine composition being the reaction product of : 



comnilTr^ ° r SeCOndary or °anic amine 
JJESS,*?? ^ aVera9e am,ne tonality 
«JL J 3nd a " avera 9 e totai active hydrogen 
functionally of from about 1.5 to about lOA and 

J omton '^ re3 , CtiVity modlf y i "9 ^ent selected from 
proton adds. Lewis acids, silylating agents, metal- 

oolv?J? em f a,ky,atin 9 a 9 e «ts. and said 

polyisocyanate composition comprising organic 
polyisocyanates and/or polyisothiocyanates haSno 

I ''T™ iSOCyanate and/or isothiocyaSe T5 
tionak* of at least 1.0. the reaction between said 

c o a ^'^, and po,yfeoc yanate compositions 
being conducted so as to provide an excess of 
T5 22?? and/ ° r ^.ocyanate groups over tota 

Organic amine compositions suitable for use in 
preparing the isocyanate compositions of the in- 
vert.on.aro preferably those having a primal 
20 arxitar ^ndary amine functionality of at K7 
Particularly preferred composition include primary 
and/or secondary amine containing polyamines 

ii n no ^ be :, avera9ed *«*£E£rz 

between about 2 and about 6 and having amine 
28 f «*«lent weights above about 100. tie WE 
number averaged amine functionality being used 
torefer to the average number of primary S 
secondary amine groups n an average polyamine 
so d^ m * to the primary 

d ^ am n ° 9ro l! PS - theor9anlcamiTO composition 
may comarn other types of active hydrogen con" 
toning groups, for example hydroxy, carfcoxy and 

functi-nallty is up to about 10.0. 

35 firJ^SS!* Preferred 0r9anic amlTO ^Posi- 
tions include pnmary and/or secondary amino tor- 

m,nated polyethers such as have been deSbed 

in US Patent No. 3441588. Suitable mZTSX 

<o ^fth^? 8 '* 8 . ' nC,Ude P 0 '^ amines and 
223?* fi yamines ha ving average amine func- 
tionalities of from about 0.1 to about 3.0 and prof £ 

™L T °' 5 t0 ^ Particu,ar men «on may be 
made 0 f amino terminated polyethers based on 

« ^ l 0 ^ 6, proD y ,ene o^e. tetrahydrofuran 
« and mixtures thereof, especially those having mo? 
•ecular weights in the range of 500 to 8000 
m . S ample l._ of commercial amine terminated 
polyethers which are preferred for use in the in- 
slant invention include Jeffamine D-4000, a 4000 
so molecular weight primary amine terminated poly- 
propylene oxide diamine; Jeffamine D-2000. a 2000 
molecular weight primary amine terminated poly- 
propylene oxide diamine; Jeffamine T-5000 a 
5000 molecular weight primary amine terminated 
Propylene oxide triamfne; Jeffamirie T-3000. a 
3000 molecular weight primary amine terminated 
P °^ pr ° Py ene oxide triamine; Jeffamine ED-2001 
a 2000 molecular weight primary amine terminated 
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polyoxypropylene polyoxyethylene copolymer dia- 
mine; and Jeff amine ED-600, a 600 molecular 
weight primary amine terminated polyoxypropylene 
polyoxyethylene copolymer diamine; or mixtures 
thereof. 

Suitable blocking or retarding, or "reactivity 
modifying" agents, for use with the aforementioned 
amines, include any anhydrous proton acid. Par- 
ticularly suitable proton acids include hydrohaiic 
acids such as hydrofluoric, hydrochloric, 
hydrobromic, or hydroiodic acids; lower molecular 
weight carboxylic acids such as acetic acid, pro- 
pionic acid, benzoic acid, adipic acid, terephthalic 
acid, trifluoroacetic acid, trichloroacetic acid, car- 
bonic acid, hydroxyacetic acid, acrylic acid, 
methacrylic acid, oxalic acid, maionic acid, fumaric 
acid, succinic acid, mixtures thereof, and the like: 
sulfonic acids such as methanesulfonic acid, ben- 
zenesulfonic acid, toluenesulfonic acid, 
trifluoromethane sulfonic acid, polystyrene sulfonic 
acid(s), and mixtures thereof; phosphonic acids 
such as phenylphosphonic acid, methylphosphonic 
acid, butylphosphonic acid, and the like. In some 
instances it may be acceptable to use the mineral 
oxyacids such as sulfuric acid, boric acid, nitric 
add, nitrous acid, sulfurous acid, phosphoric acid, 
arsenic acid, silicic acid, and the tike materials; 
provided that these are substantially free of water 
and can be made compatible with the amine com- 
position. In some instances it may be possible to 
employ blocking or retarding agents which are es- 
sentially aprotic but which will form labile com- 
plexes with the amine. These species include CS a , 
CO». SO*. S0 3 . etc.; and Lewis acids such as 
inorganic or organic salts of magnesium, calcium, 
aluminium, iron, manganese, cobalt, zinc, lithium, 
boron, etc. Some specific examples of the Lewis 
acidic materials include zinc propionate, calcium 
sulfate and hydrates thereof, magnesium acetate 
and hydrates thereof, magnesium chloride and its 
hydrates, triphenyiboron, hydrated alumina, ferric 
chloride, and the like. Finally, it is in many in- 
stances possible to use blocking or retarding 
agents which are essentially permanent in nature, 
in the sense that their action results in the conver- 
sion of primary amines into slower reaction. These 
permanent blocking agents will remain associated 
with the nitrogen atoms of the amine even after 
these nitrogen atoms have been reacted with 
isocyanates -to form the urea and/or biuret modi- 
fied compositions of the invention. Such permanent 
blocking agents include silylating agents such as 
trimethylsiiyichioride. triethylsilyl bromide, 
trimethylsilylnitrile, trimethylsilylazide. t-butyl- 
dimethylsilyl chloride, trimethylsilyl imidazole, 
trimethylsilane.and like materials; various organic 
alkylating agents such as t-butyl chloride, ac- 
rylonitrile, acrylamide, methyl methacrylate. 



dimethyl fumurate, butyl acryiate. isopropyl cin- 
namate, diphenylmethyl chloride, triphenylmethyl 
chloride, 1-chloroethyibenzene. 1-bromopropylben- 
zene, neopentyl bromide, and like materials or mix- 
5 tures of such materials. It may. in some instances, 
be acceptable to use organometallic blocking 
agents such as trimethylgermanyl chloride, tributyl- 
stannyl chloride, triethyl borate, tri-n-butyl silicate, 
dicyclopentadienyltitanium dichloride. dicyciopen- 
ro tadienylniobium trichloride, mercuric acetate, and 
similar materials. 

The choice of a blocking agent will depend 
upon a large number of factors, such as cost, 
availabliiity, solubility in the amine, the degree of 
is difficulty involved in preparing the blocked amine, 
storage stability of the blocked amine, etc. In all 
cases, however, it is critical that the blocking or 
retarding agent be chosen so as to reduce the 
reactivity of the amine towards isocyanates, without 
20 actually preventing this reaction. The blocked 
amines must eventually react to form urea and/or 
biuret structures, in the presence of organic 
isocyanates. Accordingly, blocking agents or con- 
ditions which result in the formation of tertiary 
25 amine or quaternary ammonium species must be 
avoided because these types of amine derivatives 
cannot form urea and/or biuret species, in the pres- . 
ence of isocyanates. When alkylating or metallating 
agents are used, the agent itself and the reaction 
30 conditions must be chosen in such a way as to 
limit polyalkylation or polymetallation of the amine 
nitrogen atoms. It is, therefore, preferred that the 
number of reactive equivalents of alkylating^ or 
metallating agents used should be less than or 
35 equal to the number of equivalents of reactive 
primary amines present in the substrate amine(s). It 
is preferred, further, that the alkylating or metal- 
lating agents be chosen so as to provide, subse- 
quent to reaction with the amine, a degree of steric 
40 hinderance in order to inhibit a second alkylation or 
metailation at the same position(s). Alkylating or 
metallating agents which provide steric bulk at the 
site of reaction are greatly preferred over those 
which do not Bulky agents such as trimethylsilyl- 
45 nitrile are preferred over smaller alkylating agents 
such as methyl iodide. When labile blocking agents 
are used, such as the acids described hereinabove, 
it is preferred that the number of reactive equiv- 
alents of blocking agents used be less than or 
50 equal to the number of reactive equivalents of 
primary and secondary amines present in the 
amine substrate composition. If an excess of the 
labile blocking agent is used, relative to the quan- 
tity of amine grdftps present then it is preferred 
55 that some provision should be made for removal or 
neutraiaztion of the excess blocking agent subse- 
quent to the blocking reaction. 
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When choosing blocking agents, whether oar 

L l tek6d 8mine and/or ultimate 
decompoation products of the blocking agent with 

lowed for. In particular. It is greatly orefemM ««♦ 
J- storage stability and ^SSZTSS^ 2 
the urea and/or biuret modified isocyarote eon? 
positions of the invention not be SSS^Z 
Imputes introduced from the bloc^ZS, I 
s further preferred that these impumls not result 

plod rtrr ,irtion of toxic ° r 

proaucts from the urea and/or biuret modified 
•socyanate compositions. The choice of bloeSnn 

5? VT f ° re dSpendent ^" the'mp 9 
oiuret modified compositions, and of oolvmerir 
compositions derived therefrom P 0, ymeric 

inven!Sn 0r< !L n9 M I Preferr9d ambodiment of the • 
doS JI" °^ n9 a98nt and *• amine com! 
fmf 1 f Combined and mixed in appropriate 
amounts along with any appropriate oJKEE a 
chem IC al reactor and heated to a temperature an* 

sired blocking reaction. The resulting mixture is 
agisted until the reaction has reached the deJreS 

ferrTemb e : mP, 2 >n - to ^ C 

terred embodiments, the "chemical reactor- is sim- 

Z 1— i^**> »*» or an impingement £. 

ed ImTS ? ^ 818 rea9ent ^ 
rea at a rate, temperature, pressure and weiow 

*** is ™* appropriate S £ !c2S 
Und - this, most prefened S 
cessing arrangement the need for bulky process- 

EST?*. ^ for ten9thy Emetic opeXs 

evef 9 fo?exZr , ; ,f neCeSSary ° r h ^ 
wSiw ^ P J 8 ri T n C ° mpatibint y ^een the 
m e reS 1 1*° ami " e oom P°sition is poor, 

r^Iven? V Perfom,ed i0 *• "«»™« 

Polyisocyanate compositions which may be 

STinZS^" 0 , *" iSOCyanate «mpo*5.5 

polyisocyanates already known in the polyurethane 

vlenf U,t S ' e a,iP ! ,atic ^'ysocyanates include eth- 
ylene, hexamethylene and dicyclohexylmethane 
d..socyantes. Suitable aromatic polyisocyanaSTn! 
elude toluene and dlphenylmeth^S^^ 
m«L P ^'^anate is M^iphentJ 
methane d„socyanate which may be used as the 

eZn? mP ° Und ^ h 3 "« uld modified for?, £ 

Th^TZ ^ ^^anates include mixtures 

Ida ^ 2 ' 4,and as we.. as 

SiEE** C ° ntalnin9 MDI to 9 ether wim higher 
functionality polymethylene oolvohenvi 
polyisocyanates. Polypheny! 



Examples of commercial polyisocvanatae ;„ 
curde- Rubinate^; Rubinate lS°,5°S £ 
^8. expenmenta. diisocyanate composition 4397- 

s f4-5S r0X '? ,at8,y 3,1 80:20 mo,e/m °'a Wand of 
J^Phany'methane diisocyanate with 2 4' . 
diphenylmethane diisocyanate. which also contains 
minor amounts of ? . 
diisocyanate).- cruras J^SSZVSi 
Rubicon Chemicals Inc. Of Lrse \e 
» Polyisocyanate also includes quSSiajLTS 
polyisocyanates with polyols. BcampS Tstic^ 

ST ELS RUb ' nate LF " 179 — finale 
167 (prepolymer modified MDI DroductsV a i«, 

available from Rubicon Chemicals Inc ° 

« :om ^ Urea < and/0r biuret modified isocyanate 
composition of the invention may be prepared bv 
reacting the blocked amine composition Jnd ^ 

SSTTT C0mP0SW0n in ^ Presence or 2 
20 2T\ , entS ' Sufteb,e so,vente delude ben- 
S toU f ne ' ch,oro Pan 2 ene. odichlorobenzene 

aceia ate, «f t ! ,y,ene *»** ™"°methy. JS 
acetate, methy ethyl ketona <*ijL< 
methylene chloride, and L likt ch *>«*>rm, 

« »KoJ 3referab,y ' * he reacBon ls Performed in the 

tne desired compositions. a 

30 200 T UL rea ^ ti0n temperature ma y be as high as 
200 deg. c at pressures of up to 1000 aT 

to7xc^ S te a,th ° U9h 11 18 ° 0t Orally nectssa^y 
5 Tn^J? mP ! ratUr6S 0f 100 de 9- C or pressuS 
35 l n 100 o a !^! Pher8s - ^ Preferred temperate 

atmospheres - Qanerally. the higher 

timf °t a P6ratUre a " d 106 ,onQer m a residence 
time at a given temperature, the greater the extort 
of b,uret formation. A low level of funSon^ity id 

ed foT^ 5* yMh com P° si « 0 ^ are intend- 
ed for use in the manufacture of elastomeric or 
flex.b e materials. For the production of fo^p°e 
ngid foam, a higher level of biuretisation ma? be 
T" 9 ^P^e to use more slvero 
conditions for the reaction between the btocked 
ami^composition and the polyisocyanate "32 

The urea and/or biuret modified isocyanate 
com P°^ons of the invention may be prepST 
using an excess of isocyanate groups (ie inclucl- 
«ng any isothiocyanate groups)^ ^ 5£ 
gen groups of at least 1.5:1 on an equivalent bait 
ss lift m ° re Preferr6d of the inven- 

sum total of active hydrogen groups used to pro- 

f^ZT ,T'f 9d tooc y an *» compositions of the 
invention is at least 3:1. on an equivalents basis. In 
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the most preferred embodiments, the ratio of 
isocyanate groups to the sum total of active hy- 
drogen groups used to prepare the modified 
isocyanate compositions of the invention is at least 
5:1, on an equivalent basis. The "active hydrogen 
groups" referred to hereinabove are to be under- 
stood as the sum of the reactive (primary and 
secondary) amine groups present (whether free, or 
in "blocked" or latent form) within the blocked 
polyamine composition, and any additional 
Zerewitinoff active hydrogen groups, such as al- 
cohols, phenols, thiols, carboxylic acids, and the 
like. 

The modified isocyanate compositions of the 
invention may be used in the manufacture of poly- 
urethane, polyurethaneurea, poiyurea and 
polyamide materials by reaction with appropriate 
active hydrogen compounds under appropriate 
conditions. Suitable active hydrogen compounds 
include organic compounds containing a plurality of 
amino, hydroxy, carboxy or thiol groups. Such 
compounds generally have molecular weights of 
from 200 to 10,000, preferably between 500 and 
about 5000. 

Amino-containing compounds which may be 
reacted with the isocyanate compositions include 
those already described herein, for example amino- 
terminated polyether. 

Hydroxy compounds which may be reacted 
with the isocyanate compositions include the 
polyether and polyester polyols already known for 
use in the manufacture of polyurethanes. 
Polyesteramides and polyacetals may also be em- 
ployed. The poiyethers particularly include the ox- 
yalkylation products of active hydrogen com- 
pounds, for example products obtained by reacting 
ethylene oxide and/or propylene oxide with polyols 
or polyamines. Suitable polyesters include the re- 
action products of glycols and other polyols with 
aliphatic and/or aromatic dicarboxylic acids. 

The reaction between modified isocyanate 
compositions and the active hydrogen compounds 
may be performed under conditions that have been 
fully described in the polyurethane literature. Thus, 
the reaction may be performed in the presence, as 
appropriate, of blowing agents, for example water 
and/or trichlorofluoromethane, catalysts, for exam- 
ple tertiary amines and/or tin compounds, surfac- 
tants, for example siloxane-oxyalkylene 
copolymers, chain-extenders, for example glycols 
or diamines, pigments, fillers, flame-retardants and 
the like. 

The products obtained by reacting the 
isocyanate compositions with active hydrogen com- 
pounds may take the form of flexible or rigid 
foams, solid elastomers, coatings and the like. 
Where appropriate it is preferred to use the reac- 



tion injection moulding (RIM) process. The inven- 
tion is illustrated but not limited by the following 
Examples. 

5 

Glossary of Terms : 

Polvamine £ : A linear 2000 molecular 
weight primary amine terminated polyoxypropylene 

io diamine, which is commercially available from Tex- 
aco Chemical Corp. "Jeffamine D-2000". 

Polvamine g : A linear 400 molecular weight 
primary amine terminated polyoxypropylene dia- 
mine, which is commercially available from Texacp 

75 Chemical Corp. as "Jeffamine D-400". 

Polvamine £ : A linear 4000 molecular 
weight primary amine terminated polyoxypropylene 
diamine, which is commercially available from Tex- 
aco Chemical Corp. as "Jeffamine D-4000". 

20 Polvamine fi : A glycerol initiated 5000 mo- 

lecular weight primary amine terminated polyox- 
ypropylene triamine. which is commercially avail- 
able from Texaco Chemical Corp. as "Jeffamine T- 
5000". 

25 Polvamine £ : A glycerol initiated 3000 mo- 

lecular weight primary amine terminated polyox- 
ypropylene triamine, which is commercially avail- 
able from Texaco Chemical Corp. as Jeffamine T- 
3000. 

30 Polvamine F : A linear 2000 molecular 

weight polyoxyethylene polyoxypropylene 
copolymer based diprimary diamine in which about 
94 mole percent of the total oxyalkylene units in 
the chain are oxyethylene units and the remaining 

35 8 mole percent are oxypropylene units. This sub- 
stance is commercially available from Texaco 
Chemical Co. as "Jeffamine ED-2001 ". 

Polvamine £ : A linear 600 molecular weight 
primary amine terminated polyoxyethylene polyox- 

40 ypropylene copolymer diamine in which about 77 
mole percent of the total oxyalkylene units in the 
chain are oxyethylene units and the remaining 23 
mole percent are oxypropylene units. This sub- 
stance is commercially available from Texaco 

45 Chemical Co. as "Jeffamine ED-600". 

Polvamine H : An 80:20 mixture, by weight, 
of 3,5-diethyl-2.4-diaminotoluene and 3.5-diethyh 
2,6-diaminotolune. A commercially available mix- 
ture of aromatic diprimary diamines, as obtained 

so from Ethyl Corporation. 

Isocyanate I : Pure 4,4 , -diphenylmethane 
diisocyanate, containing not more than 2 % by 
weight of the 2,4'-diphenylmethane diisocyanate 
isomer. This material is commercially available 

55 from Rubicon Chemicals Inc. 
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!§2aan§tg J : A mixture consisting of ao- 

JESS d "f 0Cyanate «* ^ 20 % by weight 

i^^'T! 3116 Commercial 
available mm Rubicon Chemicals Inc. 

■ at . ' S9 fy an ^ ^ : A uretonimine modified de- 
nvaftve of Isocyanate I, having a free isocyanate 

2Z?ZT* ° f 293 % by and a number 

averaged functionality of about 215. This sZ 
ftence is commercially available from FUibicon 
Chemicals Inc.. as "Rubinate LF-168". 

riv^J^F 03 * 3 - L : A uretonf mine modified de- 
nvabve of socyanate J. having a free isccyanate - 
(NCO) content of 31.0 % by weight and a number 
averaged functionality of about208. ms*Z 

f I commercia,, y available from Rubicon 
Chemicals Inc.. as -Rubinate X1-208" 
Lspcyanate M : Phenyl isccyanate. 

S2T?,' ^ fe °y reacting 

St w,th a mixture of low molecular weigf! 

i ? S SUbStance has 8 fre * 'Socyanate 

Ber averaged functionality of 200. and is commer- 
cially available from Rubicon Chemicals^ as 
"Rubinate LF-179". 

JpSJSQStg Q : A blend consisting of 50% by 
^ 'aocyanate K and 50% by weight Isocyanate 
N. This substance is commercially available from 
Rubicon Chemicals Inc. as -Rubinate LF-167" 

isaaaoaJa £: A mixture consisting of about 
^ W8i9W <* ^'-d'Phenylmethane 

js^yanate : A mixture consisting of about 
80% 2.4-toluene diisocyanate and about 20% 26- 
toluene diisocyanate. This substance* conW 

t^mS 2 ^ fi : 'a the meta isomer of 
teftamethylxylene diisocyanate. This material is 

P^sc^ 

ious isomers of diphenylmethane diisocyanate with 
a series of higher functionality methylene bridged 
polyphenylmethane isocyanates. in a ratio of abort 

avl a nLTf 9ht ™" 8UbSt8nce has a 
averaged isocyanate functionality of about 2.75 and 

a foncbonal group (NCO) concentration of about 

Ruhi™ ?rn ^ 1 ,S commerei ally available from 
Rubicon Chemicals Inc. as -Rubinate M". 

ISSYcanaje. J : A modified version of 
Isocyanate S. in which the diphenylmethane 
diisocyanate isomer content has been increased, 
by blending with Isocyanate J. This substance has 



TL aV !T a9ed ,soc y anat a functionality of 

Sn£« 8 fUnCt,0na ' 9rou P (NCO) con- 

centration of about 31.5% by weight. It is commer- 

. ZZSZZZT RUbiC ° n Ch ""~ - - 

nienf X ^L 1 " 10 , are to illUStrate 

Srd^- - f ° r Preparin 9 blocked, 
retarded, or "reactivity modified" polyamine 
compositions which are useful In the pracficeoT Z 
io instant invention. i^acuce or the 

Example 1 

" D T^iT* Char9ed Wth 350 9 of famine 
hL?l ' equ ' Pped with a thermometer, over- 
head stirrer, and an inert gas inlet, was gently and 
continuously purged with a stream of dry nitrogen 

on *i aparg>ng tube was inserted into the fltesk 

£ ^ °H* We " b9low *• 'eve. of (S 
(Polyamine D). The liquid was gently agitated and 
sparged beneath its surface, with anhySous Z- 

hT%! ^ (HC,) h ,ar * e "?he excel 

HCL was swept out of the flask via the nitrooen 

* purge. The HCI sparging was initiated at S 
temperatures (20-25 Deg C.) and continue?^ 
after the reaction exotherm had peaked and sub- 
sided. The total reaction time was 1 hr. (HCI spar- 

,„ h "2 P6ak axotherm reached 53 Deg C 
So 9 ^ preparaflon - ^ product was a 



3S 



Example 2 



^ ri iS ,0W " , E tHe procedur a analogous to that de- 
scribed in Example 1. a 350 g sample of the 

™£T!F r0Chl0rid ° -* * E was 

prepared. The total sparging time was approxT 

40 mate 'y 1 ^ The product was a clear liquid 
Example 3 

45 S m.SI' 0Win i me P roc adure analogous to that de- 
SS? '"Example 1. a 350 g sample of the 

l US i ydr0Ch,Oride SaJt * famine G was 
prepared. The total sparging time was approS 
mately 1 hr. The product was a clear liquid 



55 
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Example 4 

Following the procedure analogous to that de- 
scribed in Example 1. a 350 g sample of the 
anhydrous hydrochloride salt of Polyamine C was 
prepared. The total sparging time was approxi- 
mately 1 hr. The product was a clear liquid. 



Example 5 

A flask, equiped with thermometer, overhead 
stirrer, and a purge of dry nitrogen, was charged 
with 300 g of Polyamine C. Adipic acid, 11.0 g, was 
then suspended in the liquid polyamine. The result- 
ing suspension was agitated and heated until all 
the solids dissolved. The system became clear and 
homogeneous at 85 deg C. The product remained 
homogeneous at ambient temperatures. 



Example 6 

Following a procedure analogous to that de- 
scribed in Example 5, a 300 g sample of 
Polyamine D was modified with 13.16 g of adipic 
acid. The adipic acid was initially suspended in the 
polyamine. The system was then heated until clear 
(85 deg. C). The product was a clear homogeneous 
liquid at ambient temperatures. 



Example 7 

A flask was charged with 325 g of Polyamine 
C. The flask, equipped with a thermometer, over- 
head stirrer, and an inert gas inlet, was gently and 
continuously purged with a stream of dry nitrogen. 
A gas purging tube was inserted into the flask, with 
the outlet well below the level of liquid (Polyamine 
C). The liquid was gently agitated and sparged, 
beneath its surface, with anhydrous carbon dioxide 
(CO,) in large excess. The excess CO* was swept 
out of the flask via the nitrogen purge. The CO, 
sparging was initiated at 23 Deg C. and continued 
until after the reaction exotherm had peaked and 
subsided. The total reaction time was 1 hr. (CO* 
sparging) and the peak exotherm reached 30 
Deg.C during this preparation. The product was a 
clear liquid. 



Example 8 

Following a procedure analogous to that de- 
scribed in Example 7, a 325 g sample of the 
5 carbon dioxide modified derivative of Polyamine A 
was prepared. The total sparging time was approxi- 
mately 1 hr and the peak exotherm reached 34 
deg.C. The product was a clear liquid. 

70 

Example 9 

A flask was charged with 283.2 g of Polyamine 
D. The flask, equipped with a thermometer, an 

75 overhead stirrer, and an inert gas inlet, was main- 
tained under a slight positive pressure with dry 
nitrogen. The liquid Polyamine D was agitated and 
trimethylsilylnitrile, 16,85 g. t was added steadily via 
syringe over a period of 2 min. The temperature of 

20 the reaction increased from 23 deg. C to 31 deg. C 
during the addition -due to a spontaneous ex- 
otherm. Modest gas evolution was noted. This gas 
was allowed to expand against the nitrogen back 
pressure and escape through a side outlet in the 

25 nitrogen line. The gas was vented into a fume 
hood. After the addition was completed, the tem- 
perature of the reaction was increased to 80 deg. C 
over 13 min. and maintained at 80 deg. C, with 
continued agitation, for an additional 40 min. The 

30 flask was then attached to a vacuum line and the 
pressure over the liquid mixture was reduced from 
ambient to approximately 1 mm.Hg. Vigorous gas 
evolution was noted during this depressurization 
step. This gas was condenced in a dry ice trap. 

35 The outlet from the vacuum pump was vented into 
a fume hood. Gas evolution was observed to have 
ceased 8 min. after the vacuum was applied. The 
temperature of the system was further increased to 
105 deg. C over a period 10 min. Heating was then 

40 discontinued and the product was allowed to cool. 
Agitation was discontinued and the pressure in the 
flask was allowed to increase, to ambient, by in- 
troduction of dry nitrogen. The product was a clear 
liquid. 

45 

Example 10 

Following a procedure closely analogous to 
so that used in Example 9, a sample consisting of 100 
g of Polyamine B was reacted with 49 g of 
trimethylsilylnitrile. The total reaction time was 83 
min., the maximum temperature reached during the 
vacuum degassing stage was 100 deg. C, and the 
55 final product was a clear liquid. 
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Example 11 

in pim^ °* the p0, y amfne Privative prepared 
blend of Isocyanate J and K. The addition was 
SET ^ f temperature of 46 deg. C under an 

was agrtated gently throughout the addition. The 
addition was conducted over a period of 43 min 
FoUowing tte addition, the pressure within the rea£ 
ton vessel was reduced to approximately 1 mm 
"9. and agrtation was continued for 1 hr. longer 

ZS??*? ** V8SSe ' W8S » en '"creased 9 to 
ambient by slow introduction of dry nitrogen. Agi- 

^ S fr°T Ued and ^P' 6 stored, 
temperatures. The product was observed to be a 

2l h ° m i ° 9ene ? us ■***■ The Product was free of 
solids gels, or cloudiness after 3 weeks of storage. 

JUS? or 9e,s were observed 84 a "V PO^n 

dunng the preparation. The final formulation , isBst- 

« •SLr in9redient 88 a * 



clear homogeneous liquid. The product was free of 
solids gels, or cloudiness after 6 weeks of storage 
No solids or gels were observed at any point 
dunng the preparation. The final formulation is list- 

2^SLT* ,n9red,ent 38 a ^ fay 

Isocyanate J = 45.0 % 
w Isocyanate K « 5.0 % 

privative of Polyamine D (from Example 1) = 

« «, A « em P*s to form a composition analogous to 
75 that shown under Example 12. according to a pro- 
cedure analogous to that described in Example 12 
but using unt reated Polyamine D (instead of the 
denvative prepared in Example 1) were note suc- 
cessful Solids began forming instantly when 

^r e ,? T add9d to ^ lsocvana to blend of 
1ST! , Con «™*d addition of Polyamine D 
resulted in a steady buildup of gel-like solids. 



Isocyanate J = 45.0 % 
Isocyanate K = 5.0 % 

Derivative of Polyamine E (from Example 2) = 

Attempts to form a composition analogous to 
tto shown under Example 11, according to a pro- 
cedure analogous to that described in Example 11 
but using untreated Polyamine E (instead of the 

■ESTSV"! in ^P'O 2) were not suc- 
cesstol. Sobds began forming instantly when 
Po^amine E was added to the isocyanate blend of 

S . C °? nUed addition 01 Polyamine E 
resulted in a steady buildup of gel-like solids. 

Example 12 

A sample of the polyamine derivative prepared 

1 add9d direct,v to a 90:10 (w/w) 
blend of isocyanate J and K. The addition was 
performed at a temperature of 48 deg. C under an 
atmosphere of dry nitrogen. The isocyanate blend 
was agrtated gently throughout the addition. The 
addrt.on was conducted over a period of 26 min 
Following the addition, the pressure within the reac- 
tion vessel was reduced to approximately 1 mm. 
Hg. and agitation was continued for 1 hr. longer 
Pressure within the vessel was then increased to 
ambient, by slow introduction of dry nitrogen. Agi- 
tation was discontinued and the sample was stored 
under an atmosphere of dry nitrogen, at ambient 
temperatures. The product was observed to be a 



2s Example 13 

A sample of the polyamine derivative prepared 
■nE«mple 3 was added directly to a sample of 
isocyanate L The procedure followed was closelv 
30 analogous to that used in Examples 11 and 12. 
except that the addition time was 15 min. and the 
vacuum treatment of the crude product was omit- 
ted. The maximum temperature reached during the 
processing 50 deg. C. A sample of the product was 
ZTT to a dry glass jar and allowed to cool, at 
amtient temperature, for 1 hr. under an atmosphere 
wlS? nrtro _ 9en - 7116 P^uct was a clear liquid 

ZTSTJTlZ S ° ndS ° r 9ete - 17,6 «"al formula- 
toon is listed below, with each ingredient as a 
40 percent by weight of the total : 



Isocyanate L = 95.0 % 



5.0 



Derivative of Polyamine G (from Example 3) 

Attempts to form a composition analogous to 
ttTat shown under Example 13, according to a pro- 
cedure analagous to that described in Example 13 
but using untreated Polyamine G (instead of the 
d !r^ Ve o Prepared ln Bam ^ 3> were not sue- 

PoSL a ? dS bS9an forrr,ino raP'd'y when 
Polyamine G was added to Isocyanate L Contin- 
ued addition resulted in a steady buildup of gel-like 

sb I°Jln S 'J S0 " dS wou,d not re-dissolve, even 
ss when the temperature of the heterogeneous mix- 
ture was increased to 80 deg. C. 
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Example 14 

A sample of the polyamine derivative of Exam- 
ple 2 was added directly to a sample of Isocyanate 
S. 

The isocyanate was agitated gently during the ad- 
dition and the reaction vessel was purged continu- 
ously with dry nitrogen. The addition was con- 
ducted over less than 2 min. at an initial tempera- 
ture of 22 deg. C. The temperature of the system 
increased to 42 deg. C due to the exotherm of the 
reaction. No solids or gels were observed during or 
after the addition, but the viscosity of the formula- 
tion increased to the point where further agitation 
became labored. The formulation is listed below, 
with each ingredient as percent by weight : 

Isocyanate S = 50.0 % 

Derivative of Polyamine E (from Example 2) = 
50.0 % 

In order to reduce the viscosity of the modified 
isocyanate composition to manageable levels, the 
above formulation was back blended with 
Isocyanate 3 and the temperature of the initial 
blend was increased momentarily to 55 deg. C. in 
order to facilitate the mixing. The final formulation 
is listed below with each ingredient as a percent by 
weight 

Isocyanate S * 75.0 % 

Derivative of Polyamine E (from Example 2) ■ 
25.0 % 

This final product was transferred to a dry 
glass jar and stored at ambient temperatures under 
an atmosphere of dry nitrogen. The product was 
observed to be a clear homogenous liquid, free of 
solids or gels, after 7 days of storage. No solids, 
gels, or other signs of inhomogenity were observed 
at any point during the preparation or storage of 
this product 

Attempts to form a composition analogous to 
that shown under Example 14, according to a pro- 
cedure analogous to that described in Example 14, 
but using untreated Polyamine E (instead of the 
derivative prepared in Example 2), were not suc- 
cessful. Solids began forming when the first drop of 
Polyamine E was added to Isocyanate S. Contin- 
ued addition of Polyamine E resulted in a steady 
buildup of gel-like solids. 



Example 15 

A sample of the polyamine derivative of Exam- 
ple 1 0 was added directly to a sample of 
5 Isocyanate L 

The isocyanate was agitated during the addition 
and the reaction vessel was purged continuously 
with a stream of dry nitrogen. The addition was 
70 conducted over 0.5 hrs. at a temperature of 50 
deg. C. The formulation thus prepared is listed 
below, with each ingredient as percent by weight : 

Isocyanate L = 75.0 % 

T5 

Derivative of Polyamine B (from Example 10) = 
25.0% 

This product, although homogeneous in bulk, 
was highly viscous at ambient temperatures. A 
20 sample of the product was reheated to 47 deg. C. 
and back blended with Isocyanate L, with gentle 
agitation, to give the final formulation listed below : 
Isocyanate L « 85.0 % 

25 Derivative of Polyamine B (from Example 10) « 
15.0 % 

This final product was transferred to a dry 
glass jar and stored at ambient temperatures under 
an atmosphere of dry nitrogen. The product was 
30 observed to be a clear pourable liquid and re- 
mained homogenous in bulk after 1 month of stor- 
age. 

Attempts to form a composition analogous to 
that shown under Example 15, according to a pro- 

35 cedure analogous to that described in Example 15, 
but using untreated Polyamine B (instead of the 
derivative prepared in Example 10). were not sue- 
cessful. Solids began forming when the first drop of 
Polyamine B was introduced to Isocyanate L Con- 

40 tinued addition of Polyamine B resulted in a steady 
buildup of gel-like solids. These solids would not 
redissolve when the temperature of the reaction 
was increased to 80 deg. Celsius. 

45 

Example 16 

A sample of the polyamine derivative prepared 
in Example 9 was added directly to a blend of 

so Isocyanate J and K. The isocyanate blend was 
agitated continuously during the addition and the 
reaction vessel was purged with a stream of dry 
nitrogen. The addition was conducted over a period 
of 26 min. at a temperature of 50 deg. C. The 

55 formulation thus prepared is listed below, with each 
ingredient as percent by weight : 
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Isocyanate J = 45.0 % 
Isocyanat© K = 5.0 % 

Derivative of Polyamine D (from Example 9) = 



or oe^t^ ^ SSClear - ,iauid and free of solids 
or gels at the conclusion of this reaction. 



18 



the reaction the product was clearly heteroge- 
neous, with gelled solids evident. After a PP X 
mately J2 hrs. storage at ambient temporal, 
the product was found to have a viscosity of 3685 
cps (at 23 deg. C). The product was opaque! 
heterogeneous, and showed evidence of bulksepa- 



Exampie 17 



io Example 18 



A sample of the polyamine derivative prepared 
n Example 8 was rapidly poured into a welfagT 
tated sample of Isocyanate L This addition iook 
Place over a period of not more than 5 se^ ™e 
vesse '- ^ning the isocyanate.' was 

conoucted with both components at ambient tem- 
peratures. The formulation thus prepared VSSd 
below, with each ingredient as pereent b?ZgH 
Isocyanate L = 75.0 % 9 ' 

Derivative of Polyamine A (from Example 8) = 

f^nS"" 5 " C - ° f * e addj « on - porous 

f °l™ n * W Z 0bserv9d - ^em foamed to 
ZZ than K tw ! ce ,te "Whal volume. This foaming 
rap.dly subs.ded. and there remained a homoge- 
*■« liquid product The reaction was aS 

SSL* 8 ^ eXOth0rm - 706 -"aximumUm. 
perature reached during this experiment was 33 
aeg. C. The product was allowed to cool with 
gentie agitation for 10 min. and was trT '^s 
°Z"*J° 3 9 ,ass iar and sealed under an 
ajosphere of dry nitrogen. After approximately 5 

wl ?uTt rt a l amb, ' em tem P eratur ^- the product 
was found to have a viscosity of 975 cps (at 23 

Jauid LT% Pr< S UCt Was a c,8ar ^ogeneous 
SnLtJ ° S ° HdS or 98ls - No S0, Ws. gels, or 
separator® were observed at any point during the 
preparation of this product 

Attempts to form a composition analogous to 

n^f 0 ^ " n t 8r 17 ' according to the 

* Sample 17. but using untreated 
famine A (instead of the derivative prepared in 
Example 8). were not successful. Soft gelatinous 

Polyamine A to Isocyanate L. At the conclusion of 



A bis-urea model compound was prepared bv 
reacting Polyamine A with Isocyanate M. so as to 
prov.de 0.99 equivalents of isocyanate (NCO) per 

Z 1 ° f ■"*•• (NH>) - ^ "*» was. tnert 
fore, used .n slight excess. The reaction was per- 

™* by mi !f "9 *" ingredients, at ambient tem- 
peratures, under an atmosphere of dry nitrogen. 
The product of this reaction was a dear colourless 

Snlr^ eXhibited 3 ^"y" *etch r S 
infrared spectrum at 1698 cm-'. 

A model biuret compound was prepared bv 

^T 9 o P n ,yamine A Wtth '«ooyanate M so as to 
prov.de 2.02 equivalents of isocyanate groups per 
* equivalent of NH, or. in other words. 1 01 eL*- 
aients of "NCO" per equivalent of amine hydrogen. 
Thus asl.ght excess of isocyanate was used in the 
2* n '. Th9 taction was performed by initially 
mixing the ingredients at ambient temperture tol 

2 Hrf °- f ° r 30 m ' n - Under an atmosphere 
of dry mtregen. The product was a clear pale 
yellow liquid which exhibited a principal carooM 
streteh in the infrared spectrum at 172? cm-Sfs 
, was n °tably absent in the spectrum of tte 
model urea compound described hereinabove 
Moreover, the starting polyamine and isocyanate 
used to prepare the model compounds are devoid 
of cerbonyl species and. hence, devoid of caibonyi 
absorptions in the infrared (the NCO group? is 

aStiS 6 ^" 9, a 1 6XCepti0n to «■ b«t its 
absorption occurs above 2200 cm- which places it 
well above the region of interest). 

45 s*i J2h H 8rtiCU,ar P8ir 0f model "^Pounds was 
222 ® d f^ 8 " 80 ^ay «>ntain key structural ele- 

'^ e . ' d8ntiCa ' *° 10086 P^aa"* many 
™ -aacyanate compositions which are 

compared in past examples. The structural ele- 
merits are : 

50 
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urea 



and 



Or! 



CH 3 

5 — 1^1 — CH 2 — R' 



N— H 




biuret 



wherein R represents hydrogen or a-CH 2 -termi- 
nated organic radical and R' represents a polyether 
chain. It is therefore possible to locate signals in 
the spectra ot the modified polyisocyanate com- 
positions which are homologous to those of the 
model compounds. In this way. the progress of the 
biuretization reaction can be followed as a function 
of processing conditions. The spectroscopic results 
can be compared to the concentration of residual 
isocyanate (NCO) groups in the sample. It is possi- 
ble, also, to assess whether or not the blocked, or 
reactivity modified, polyamine composition has in- 
deed reacted with the isocyanate substrate com- 
position -to form urea and/or biuret linkages. The 
presence of carbonyi signals in the IR (below 2200 
cm- 1 ) is generally diagnostic of reaction. Infrared 
analyses were performed on the modified 
isocyanate compositions prepared in Examples 11, 
12, 14, 15, 17 and 18. These analyses showed the 
presence of the new carbonyi species, formed in 
the reaction between the isocyanate and blocked 
polyamine. 
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Claims 

1. A modified organic isocynate composition 
containing urea and/or biuret groups, and/or salts of 
these groups, prepared by reacting a blocked 
amine composition and a polyisocyanate composi- 
tion, said blocked amine composition being the 
reaction product of: 

a. a primary and/or secondary organic amine 
composition having an average amine functionality 
of at least 0.1 and an average total active hydrogen 
functionality of from about 1.5 to about 10.0, and 

b. a reactivity modifying agent selected from 
proton acids, Lewis acids, silylating agents, metah 
lating agents and alkylating agents, and said 
polyisocyanate composition comprising organic 
polyisocyanates and/or polyisothiocyanates having 
a reactive isocyanate and/or isothiocyanate func- 
tionality of at least 1.0, the reaction between said 
blocked amine and polyisocyanate compositions 
being. conducted so as to provide an excess of 
isocyanate and/or isothiocyanate groups over total 
active hydrogens in the blocked amine composition 
of at least 1.5 : 1.0. 

2. A modified isocyanate composition accord- 
ing to claim 1 wherein the organic amine composi- 
tion has a primary and/or secondary amine func- 
tionality of at least 1. 
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inn t A , . mod / fied isocyanate composition accord- 
.n 9 to o.a,rn 2 wherein the organic amine composi- 

aoout 2 and about 6 and an amine equivalent 
weight above about 100. equivalent 

ino t t m0dified isocyana te composition accord- 
10 3 Wherein *• amine 
STST?? 80 80,100 terminate d polyether hav- 

i ? ;a funcbona,ity ° f *•» — 

inn 5 t« A m . 0dlfied 'socyanate composition accord- 
polyether has an average functionality of from 0.5 

ino to H ai r?" ed I isocyanaie composition accord- 

SeJ 2U W ? 5 Wh9rein 0,6 amino te ™'- 
nated polyether has a molecular weight in the 

range of 500 to 8000 and is based ofethylene 

^Propylene oxide, tetrahydrofuran or mix*™ 
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8. A modified isocyanate composition accord- 
ZLln 7 Where ' n the P°'Kfc°cyanate com- 

SsXr r ,ncludes a 

ino £" h m0difi I d iSOCyanate composition accord- 
ing to claim 8 wherein the polyisocyanate composi- 
te" comprises a mixture of 4,4--diphenylmethane 
dnsocyanate with the 2.4«-and 24>'-isomers. 

10. A modified isocyanate composition accord- 
ing to cteims 1 to 9 wherein the ratio of isocyanate 
and/or iscthiocyanate groups to total actively! 
drogens in the biocked amine composition is at 

. 1 J- * mod »ied isocyanate composition accord- 

r 10 Wherein tne ratio o» isocyanate 
and/or isocyanate group to totaJ active hy*£ 
gens in the blocked amine composition is at least 

n, J?" A - C f l/Ur6thane - POlyurethaneurea. polyurea 
or polyam.de material obtained by reacting a modi! 

rSLc^T 'V**™** composition according to 

SSL ^J 1 . witn a compound «"»■*** a 

plurality of active hydrogens atoms. 
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